INTRODUCTION
Climate change has been one of the most serious environmental problems that obstructs urban sustainable development. Excessive anthropogenic greenhouse gas (GHG) emissions are recognized as the main source which worsen the climate change problem. The Paris Agreement, which was adopted by consensus at the 21 st Conference of the Parties (COP21) in 2015, declares to suppress the increase of global average temperature below 2℃ compared to pre-industrial levels, through adaptation and mitigation strategies at all administrative levels 1) . As one of the main emitters, Japan has also published its Intended Nationally Determined Contribution (INDC) in 2015, which targets on reducing GHG emissions by 26.0% compared to the level in fiscal year 2013 2) . For achieving these ambitious targets, strong initiative and concrete support from the local society are indispensable. However, currently the human society has been caught in the troubles brought about by the progressing ageing and depopulation tendency, which is likely to cause long-term economic stagnation and population emigration. Without considerations on social and economic benefits, it would be impossible to sufficiently implement the environmental policies.
As an interlink between the environment and socio-economy, industrial sector directly emits 27% (another 40% for energy conversion sector) of the total GHG emissions of Japan in 2014 3) , but employs 24% of the total employees 4) . Therefore, policies for promoting low-carbon industries should not only focus on energy saving and emissions reduction, but also need to realize economic benefit and employment creation. The emerging Industrial Symbiosis is such a strong measure for forming a Circular Economy which is aiming to enhance the competitive advantages of industries by resource recycling through a systemic design for exchanging byproducts, water, waste, and heat between factories 5) . It has been widely applied in developing Eco-Industrial Parks (EIPs) and revealed a substantial contribution in environmental improvements and industrial developments [6] [7] [8] [9] [10] . During the practice, many factors are found critical to the implementation effect, including technical and economic feasibility, information sharing and cooperation between key players, community awareness, and environmental regulations 11) . For promoting industrial symbiosis, it is necessary to analyze current conditions and visualize the feasibility and benefits, as well as positively encourage the self-organized synergy between companies with controlled future uncertainties.
POSITIONING
This study chooses heat exchange as a case of energy synergy for discussion. Although it is a common and technically mature technology, several problems still need to be solved for popularization. Firstly, geographic proximity is critical because the pressure and temperature of steam and hot water will fast decrease in a long transport distance. Secondly, principle of cascade heat use and mixed land use is important, e.g., high temperature and pressure steam from thermal power plant can be used in various industries where low temperature hot water from industries can be used for district heating. Such hierarchical heat exchange system would increase the energy efficiency and reduce investment and operation costs by load leveling. In addition, future uncertainties also need to be identified considering process innovation, industrial revolution and relocation.
In case of district heating using industrial waste heat, the authors have discussed the positive impacts on economic and environmental benefits from centralized residential houses and relocation of plant factories 12) . The results indicate purposive land use plan could drop the future uncertainties on supply-demand matching and cost-benefits so as to enhance the stakeholders' motivation towards implementation.
Particularly, well matched supply and demand with a long-term stable business environment would substantially support the organization of exchanges. However, symbiosis itself is usually emerged from the "invisible hand of the market" rather than government interference, where coordinative function will appear to promote the exchanges once a vision was made 5) . Based on these experience, a general industrial inducement policy with design of symbiosis system can provide a foreseeable vision for stakeholders to negotiate and make decisions.
Notably, industries usually have more complex location impulsion rather than direct governmental investment promotion. Benefitting from the technology innovation and infrastructure development, transportation costs decrease a lot in the past century while the other location factors, such as time costs, transaction costs, and tariff, become more critical for a company to decide his location 13) . Coming into the epoch of industrial cluster and international trading, more factors, such as (geographic) comparative advantage, externality, imperfect competition mechanism, become dominant for forming an industrial agglomeration 14) . In Japan, industrial location is mainly affected by resource availability, market scale, transportation and transaction convenience, and external environment such as industrial inducement, government-industry-academia cooperation, and urban development strategy 15) . Particularly, locating in an industrial park is the mainstream in Japan according to the recent survey on factory location tendency by the Ministry of Economy, Trade and Industry, because lower land price, labor force, governmental and financial support, proximity to related industry and market are usually confirmed in advance 16) . In this sense, large manufacture and related factories will keep the priority to locate in planned industrial parks. Accordingly, special location policies incorporated an environmental initiative would be an entry point for obtaining a double benefit of economy and environment.
Taking the industrial symbiosis into the consideration of future industrial development can provide a specific perspective on energy management. For the prediction of future industrial growth with environmental concerns, many economic models have been applied such as the well-known computable general equilibrium (CGE) models [17] [18] . Although the interaction between economic and environmental industrial policies can be reflected into scenarios, downscaling the simulation into city or industrial park scale reveals a great difficulty without consideration on industrial location. On the other hand, household and industrial location can be simulated by computable urban economic (CUE) models or agentbased models, but urban and industrial symbiosis such as heat exchange is still excluded from the modelling boundary [19] [20] [21] . To fill the research gap, on the basis of regional industrial growth outlook and waste heat exchange network design, this study develops scenarios on industrial location changes to evaluate the impacts on the performance of waste heat exchange in term of the economic cost-benefits and CO2 emission reductions. It could support a quantitative reference for regional industrial location policy to promote low-carbon sustainable industrial development.
The remainder of this paper is organized as follows: section 3 introduces the basic information of case area; section 4 explains the framework and model development; section 5 presents the results and discussions; and section 6 summarizes the conclusions and policy implications.
CASE AREA
The Shinchi-Soma Region of Fukushima Prefecture, including Shinchi Town, Soma City, and Minamisoma City, is chosen as the case area. The region locates in the northeastern part of Fukushima Prefecture and directly faces the Pacific Ocean. According to the prefecture statistics, the total population of three municipalities are around 103 thousand people by 2016, who are living in 640 km 2 land area. The gross regional production (GRP) of the case area reaches 506 billion yen in 2013, of which manufacture possesses 17%. In comparison, the total population of Fukushima Prefecture is 1.9 million by 2016, and its GRP reaches 7,175 billion yen in 2013 of which the manufactures take 23%. Comparing on the proportion, these municipalities are not decisive to the prefecture's economy, however, it is a pilot area for revitalization from the Great East Japan Earthquake, where the local government is rethinking on the land use plan for sufficiently utilizing local resources and promoting more settlements.
Soma City is the manufacture center in this region. According to the Census of Manufacturers, the shipment value in Soma City reached 175.8 billion yen in 2014, while it is 72.4 billion yen in Minamisoma City, and 10.5 billion yen in Shinchi Town. In Soma City, the top productive industries are the manufacture of transportation equipment with shipment value of 129 billion yen, followed by the manufacture of non-ferrous metals and products (12 billion yen), the manufacture of chemical and allied products (9 billion yen), and the manufacture of fabricated metal products (9 billion yen).
As shown in the Fig.1 , there are several industrial parks located in the region along the national road and near the interchanges of expressway. Within them, Soma Core Eastern Park and Soma Core Western Park are two largest parks which occupy 4.86 km 2 and 1.05 km 2 area in Soma City, respectively. The eastern park is the largest one which is neighboring to a planned large LNG base. In a detailed map of this industrial park (Fig.2) , except for a large coal fired thermal power plant in the north, 51.5 ha land is used for non-ferrous metal manufacture, 35.2 ha land is used for chemical industry, 10.7 ha land is for ceramic industry, and the rest 10.6 ha is for manufactures of fabricated metal, production and transportation equipment.
Benefitting from the proximity between planned large LNG base and industries, the utilization of 
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waste heat becomes a hot issue. Especially, a 1200 MW scale gas fired thermal power plant is planned which can potentially extract approximate 100 GJ/h steam, compared to the case of SteamNet in Kawasaki. Accordingly, we propose a heat exchange network between the power plant and factories as shown in Fig.2 . The configuration of heat exchange network is designed according to the location of factories through network analysis tool supported by Geographic Information System (GIS). In addition, the same scale coal fired thermal power plant in the north is currently not in supplier list, because of the difficulty to install heat exchanger in existing facility. In the rest of this paper, we focus on this industrial park and discuss the possible location changes by scenario analysis.
For guiding a comprehensive revitalization, Fukushima Prefecture has carried out a Basic Plan for Promoting Industrial and Commercial Revitalization in 2013 and is now in revising. In the plan, the ShinchiSoma region is expected to enhance the leading role of the manufacture of information and communications equipment, transportation equipment and semiconductor related industries. Beyond this, industries related to renewable energy, aerospace, and medical appliances are also welcomed. According to recent Innovation Coast Initiative, this region would become a test area for emerging robot industry in the future. These regional plans would be a basic reference for setting future scenarios.
METHODOLOGY (1) Model framework and dataset
As the first stage, a concise framework composed by several parts is developed as shown in Fig.3 . The analysis procedures consist of four steps:
Step 1: Review of regional plans. Being the basis of scenarios setting, the information of future socioeconomic prospection and technology tendency are collected for reference.
Step 2: Heat demand analysis. Due to the data availability, national average value of energy consumption, land use, and employment per shipment value, and their tendency are estimated from the Census of Manufacturers and the Survey on Energy Consumption 22) . According to current site area of factories in case area, heat demand and its tendency are estimated as a baseline;
Step 3: Heat exchange design and evaluation. Based on the design of heat exchange, waste heat potential of target industries is calculated from their annual fuel consumption, and the economic cost-benefits and CO2 emission reduction are evaluated by heat demand-supply matching;
Step 4: Scenarios setting. According to regional industrial location policies and the prospection of future economic growth, scenarios are set to reflect the location changes under different visions.
The information of industrial location and related geographic database are from the website of local government and the National Land Numerical Information download service [23] [24] . The method for classifying industries is on the basis of Japan Standard Industrial Classification defined by the Ministry of Internal Affairs and Communications in 2013 25) .
(2) Heat demand and supply analysis
The procedures for estimating heat demand and waste heat supply are as follows. Firstly, , , defined 
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as the shipment value of industry i in year t is estimated as below:
where , is the area of industry i in year t, , is the unit shipment value per area of industry i in year t, and is a parameter for adjusting with local statistics. Compared to the actual shipment value provided by regional statistics, we set at 0.2 in case area.
Then, assuming that annual heat demand and employment are proportional to annual shipment value, heat demand of industry i in year t, written as , , and the number of employees , are defined by multiplying shipment value with units as follows:
, , ,
where , is the estimated unit heat demand of industry i in year t, and , is the estimated unit employment of industry i in year t. Here, the national average value of , and , are calculated referring to the national census 22) . Because the industries usually have comprehensive usage including direct heat input and indirect heat generated during fuel combustion or electricity consumption with various purposes, simply the heat demand defined in this study is only the direct heat consumption known from the census, excluding the part of heat use for power generation and heat sales to the others.
Next, according to a previous general survey on waste heat generation in current industries 26) , waste heat potential can be calculated from the total energy consumption. The proportion of waste heat potential from total energy consumption is varied by industrial types. Using the total energy consumption data from the census 22) , we apply the following formula to estimate waste heat potential:
(4) where is the waste heat potential of industry i, is the total energy consumption of industry i, is the specific waste heat generation ratio of industry i, and is heat recovery rate of heat exchanger. Here, ⁄ , where the proportion of heat consumption in total energy consumption is also calculated referring to the census 22) . The value of is estimated at 13.2% for chemical industries, 6.71% for ceramic, and 17.9% for non-ferrous metal manufactures, respectively.
The survey 26) supports parameters for 6 main industries which have high potential of waste heat, including pulp and paper, chemical, petrochemical, ceramic, iron-steel, and non-ferrous metal manufactures. Notably, chemical factories can probably support steam while the others cannot and have to recover heat from exhaust gas. Thus, is set at 100% for chemical and 17% for the others. Additionally, the value of is estimated at 19.6% (steam) for chemical, 26.8% (exhaust gas, >200℃) for ceramic, and 17.7% (exhaust gas, >200℃) for non-ferrous metal manufactures. Note that a precise survey on industrial process in each factory should be conducted for accurate estimation of waste heat generation. The most difficult part is to estimate the changes of units which are determined by technology innovation and diffusion. As a trial, we apply a simple regression analysis to track the changes of units in the past years for speculating the tendency in the future. Hypothesis is carried out that the units (land use, heat demand, and employees) are proportional to the shipment value of industries (exclude the economy of scale) and follow a converging trend in the future. Accordingly, logarithmic approximation is adopted like following the formula:
(5) where is the estimated unit in year t, is the initial year of dataset, and , are parameters. The results of unit heat consumption, land use, and employees are summarized in Fig.4, Fig.5, and Fig.6 , and the parameters are represented in Table. 1. Apparently, the conversional industries such as chemical reveal a decreasing heat demand intensity, while new ones such as manufacture of information and communications equipment as well as food and beverage industries reveal an increasing heat demand intensity. Land use and employment per shipment value reveal stable in the future.
(3) Cost-benefit analysis
Both economic and environmental cost-benefits are taken into considerations in this study. Economic benefits mainly include the cost reduction of fuel saving by heat exchange, while the costs include the investment for pipeline network and the revenue loss of Table 1 Parameter list of regression analysis on units.
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power generation efficiency decrease during steam extract from the turbine in the thermal power plant.
Simply assuming that all the factories are combusting heavy oil in a boiler for heat supply, the annual cost reduction from fuel saving, written as , is estimated as follows: ∑ (6) where is the conversion efficiency of boiler set at 90%, and is the price of heavy oil which is approximately 2.2 yen/MJ.
For comparison, the total investment of pipeline construction is annualized by the following formula: (7) where is the average price of pipeline construction set at 200,000 yen/m according to an on-site survey.
is the total pipeline length which is measured as 5,200 m in proposed heat exchange network in Fig.2 by GIS, is the interest of long-term loan set at 1.15%, and means the durability of pipeline network set at 20 years.
Estimation of revenue loss from decreased efficiency of power generation during steam extract is based on the reference 27) , in which firstly the electricity loss is calculated as below: (8) where is the quantity of steam extracted from the turbine, and , are the temperature of exhausted gas (35℃=308 K) and extracted steam (400℃=673 K), respectively. Set the temperature of steam generated in the boiler at 839 K (566℃), is defined as follows:
Thus, the revenue loss caused by extracting steam could be estimated as below:
(10) where is the average price of electricity, approximate to 15 yen/kWh for industrial use due to Tohoku Electric Power Company. Finally, the annual net revenue of heat exchange is calculated as the difference between the three items: ( ). Furthermore, environmental benefit, i.e., CO2 emission reduction is also evaluated in this study. Similarly, it is calculated as below: ∑ (11) where means the emission factor of combusting heavy oil, equal to 67.78 t CO2/TJ. By contrast, the electric power company has to supple the loss of power generation, so that the increase of CO2 emission, written as , is defined like: (12) where is the emission factor of power generation equal to 0.589 kg CO2/kWh. These parameters are available on the website of the Ministry of Environment, Japan 28) .
(4) Scenarios setting of industrial location changes
In this study, industrial location changes include two situations: One situation is in the future a new industry can be induced into industrial park, or an existing industry can withdraw from its current location. Another situation is the adjustment of site area between existing industries. The policies of scenario setting in this study are summarized in the Table. 2. Three typical scenarios are taken into consideration. Firstly, BAU (Business as usual) means current industries will keep location in the industrial park, but follow the changes on unit heat consumption, employment, and productivity. In this scenario, because chemical factory can probably directly extract steam 
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to proximate factories (who use lower temperature and pressure steam), it plays a critical role in heat exchange for cascading use between industries. Then the insufficient part for satisfying all the heat demand is totally supplied from steam extract in the thermal power plant. Additionally, the waste heat of exhaust gas from non-ferrous and ceramic factories can be also used for district heating to nearby plant factory and urban area. The discussion on district heating is excluded in this study. Therefore, the site area allocation and heat supply flow are summarized in Fig.8(a) .
For setting scenarios for environment-oriented policy and employ-oriented policy, we compare the intensity of heat consumption and employment of different industries by 2050, and find out the tradeoff between heat demand density and employment intensity in industries, that high heat demand industries like beverage and chemical have less employment while the other ones like manufacture of information and electric equipment have more employment but less heat demand (Fig.7) . Referring to the projection of added value changes of industries in Fukushima Prefecture by Snapshot model (Fig.12 in Appendix) , the effect of inducing the manufacture of information equipment, electric machinery, and electronic devices has been reflected as a rapid growth rate, while chemical industry is predicted to decline gradually in the future.
Assuming that only the industries with positive growth can be induced into the industrial park, we define the detailed location changes into two extreme scenarios, written as LC1 and LC2. In LC1, CO2 emission reduction target is in priority, thus, the location of the critical chemical factory is confirmed but its scale is hard to be enlarged because of the decline of shipment value. The factories with low heat demand are assumed to be substituted by high heat demand industries, e.g., food and beverage. The site area for induced industries are allocated referring to the proportion of added value at prefecture level. By contrast, LC2 emphasizes on job creation target that high employment intensity industries, e.g., information equipment, electric machinery, and electronic devices, are induced to substitute low employment 
LC1
Low heat demand industries with low growth rate withdraw from current location, while top heat demand industries with availability of heat recovery for district heating are induced.
LC2
Low growth rate industries withdraw from current location, while top growth rate industries with intensive employments are induced. 
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intensity chemical factory. The site area allocation of factories and heat supply pattern in these two scenarios are represented in Fig.8(b) and Fig.8(c) , respectively. Note that the scenarios in this study also follows several quantitative constraints: 1) Total site area is constant. In present, there is an unoccupied land which keeps unoccupied in BAU scenario but is used in LC1 and LC2 scenario.
2) The increment of shipment value of the induced industries follows their scale in the outlook of regional industrial growth. It means the induced industries have equal chances to occupy unused site areas. The site area is calculated as the shipment value divided by unit shipment value per hectare.
RESULTS AND DISCUSSIONS (1) Scenario results
Scenario results indicate that different policies of location changes in case area indeed bring diverse impacts on environment and local society. Fig.9 shows the structure of waste heat supply and CO2 emission reduction by scenarios. In BAU, the total heat demand in case park increases a little from 104 TJ/year to 110 TJ/year. Within the supply of waste heat, the quantity exchanged from chemical factories to the other factories are around 60 TJ, while the rest half of heat demand are covered by steam extracted from thermal power plant. Additionally, 30-40 TJ/year low temperature heat can be recovered for district heating to nearby plant factories and urban area. Consequently, in industrial sector 5200 t CO2/year emission reduction can be achieved. Because of the decreasing unit heat consumption of chemical factory, the scale of heat exchange between industries becomes smaller, but as a whole, heat balance and low-carbon effect do not change a lot.
By contrast, learning from LC1 scenario, induced food and beverage factories are estimated to bring 46 TJ/year more heat demand, but is almost covered by increasing extracted steam because of the difficulty to enlarge the chemical factory. The excess heat for district heating would increase to 43.8 TJ/year, and net CO2 emission reduction reaches 6080 t CO2/year. Oppositely, the results of LC2 scenario indicate that inducing employment intensive factories can decrease a part of total heat demand to 93 TJ/year, but affected by the withdraw of chemical factory, all the heat demand have to be covered by extract heat from thermal power plant, which greatly lower the CO2 emission reduction effect to 1682 t CO2/year. From the perspective of low-carbon development, LC1 is the most expected vision in the case area.
Opposite conclusion comes from the perspective of economic growth and job creation. As shown in Fig.10 , in BAU scenario, both shipment value and employment of industries reveal stable until 2050 because the intensity of industries does not change a lot in the future. In the LC1 scenario, induced food and beverage factories bring about 200 jobs that increases the total employees a little from 600 to 670 people. By contrast, in the LC2 scenario, since the withdrew chemical industry reserves a large site area for induced manufactures of information equipment and 
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electric devices, 700 jobs are created that increases the total to 1200 persons. Similarly, the total shipment value in LC2 scenario also doubles compared to BAU scenario.
From the perspective of project feasibility as well as resource conservation and recycling, the more the waste heat is used, the more feasible and efficient a heat exchange network would be. As summarized in Fig.11 , originally the annualized pipeline construction cost is 59 million yen/year, and approximate 130 million yen/year of net revenue could be realized. Since the steam from chemical factory is limited, increased heat demand in LC1 scenario leads to more steam extracted from thermal power plant. Even though, the net revenue of heat exchange increases to 178 million yen/year. By contrast, because of the lacked role like chemical factory in cascading heat use, although the total usage of waste heat does not change a lot, increased usage of steam from thermal power plant offsets the revenue so much, that the net revenue decreases to 33 million yen. In this sense, whether to keep chemical factory stay or not is the most important decision for realizing a heat exchange network in the case. The pay-back years of heat exchange network are 9 years in BAU, 7 years in LC1, and 35 years in LC2. Obviously, heat exchange will be not feasible in LC2 scenario.
(2) Uncertainties
As mentioned above, there are two important hypotheses considered in this study. One is on the principle of location changes that only growing industries will be induced or relocated in case industrial park, failing industries will only keep or withdraw from its current location. In fact, corresponding to the changes of future socio-economic conditions, the preference of industries for optimal location will surely keep changing. Generally, the list of inducible industries should correspond to the national and prefecture-level economic situations affected by international and interregional trading, based on local comparative advantages but limited by the local available natural and human resources. Ageing and depopulation trend and interregional competition should have a strong effect. Therefore, how strong the effect from the local industrial location policies would be is quite dependent on the judgement on socio-economic situations and promotion mechanism. Accordingly, environmental concerns are initially not coinciding with the industry-side target of optimal location, unless it has been embedded in its decision mechanism. In this sense, the scenarios and cost-benefit analysis conducted in this study is not aiming to accurately predict the location impulsion of factories, but to make quantitative assessment on the basis of the different visions, so that the benefits from environmental initiatives could be taken into account in future location decisions.
The other hypothesis is on the estimation of changes of energy consumption units, that the unit area, heat demand, and employees are proportional to the shipment value of industries, and follow a converging trend in the future. In fact, the units should diminish marginally because of the economy of scale. Furthermore, technology and process innovation should happen in the future that may affect the intensity of energy consumption and labor force, especially the popularization of Information and Communications Technology (ICT) and Internet of Things (IoT) in factory energy management system (FEMS) can reduce energy consumption a lot while artificial intelligence and robot technique should decrease the intensity of employment. However, emerging new industries, e.g., manufactures for renewable energy equipment and robot, data center, and manufactures for Hydrogen projects, may bring more energy consumption than conventional ones. Thus, the decrement on such units in future would be limited. Considering the increasing energy price, heat exchange will still be an ideal solution to low-carbon sustainable industrial development in the future.
(3) Policy and path
The scenario results indicate that location policy for industries in a region can surely bring about quite different impacts to the socio-economy and the environment. Here, we temporarily ignore the location competition and leakage effect between regions. However, the positive policy for industrial location mentioned in this study does not mean to impose restrictions on individual location behavior of companies. The essential mechanism is to provide a wellfounded vision at early stage of industrial development reflecting both public expectation on job creation and environmental improvement. Such a vision can guide the related industries to judge the costs and benefits in location decisions. Once the benefits from proposed symbiosis, including location subsidies, and social responsibility are recognized, the environmental value would be finally internalized into economic accounting, so that companies would judge if accept the vision and follow the inducement. Beyond this, for adjusting the costs and benefits and avoiding unordered location competition and leakage between regions, a board industrial plan is required which can also help in optimizing the industrial location for maximizing the overall effects.
CONCLUSIONS AND POLICY IMPLICATIONS
This study develops a model framework to assess the economic cost-benefits and environmental impacts caused by industrial location changes based on heat demand-supply analysis and heat exchange network design in an industrial park. Shinchi-Soma region is chosen as case area, where a large and diverse industrial area, named Soma Core Eastern Park, is located and reveals a high potential of waste heat exchange. Three scenarios are proposed including: ① BAU, in which industries keep their location and site area; ②LC1, in which lower heat demand factories (transportation equipment manufacture, etc.) are changed into heat demand intensive industries (food and beverage); ③LC2, in which declining industries (chemical factory) withdraw and are substituted by labor force intensive and rising industries (manufactures of information equipment and electronic device). Results indicate environment-oriented LC1 scenario could bring in total 63 TJ/year more heat demand than employment-oriented LC2 by 2050, that increases net annual CO2 emission reduction to 6080 t CO2/year and net revenue of heat exchange to 178 million yen/year. However, it has quite limited effect on job creation and economic growth. By contrast, in LC2 both shipment value and job requirement doubles than BAU, but net CO2 emission reduction decreases to 1682 t CO2/year and net revenue of heat exchange decreases to 33 million yen/year.
Several remarks are identified from the results. Firstly, this study strongly calls for the attention on the trade-off of industrial location policies between socio-economic targets and environmental targets. In an industrial park, wherein waste heat is abundant, adjusting the demand and supply by industrial inducement will maximize the benefits and low-carbon effect of heat exchange network. Secondly, for accurately assessing the feasibility of heat exchange, factories should be required to provide the actual data of heat demand and waste heat generation. Developing a Monitoring, Reporting and Verification (MRV) system would be quite helpful. Thirdly, wide-area intergovernmental cooperation is expected to coordinate with each other on the industrial inducement policy to realize a wide-area optimal layout of industries. Particularly, homogeneous competition between Eco-Industrial Parks should be avoided.
Industrial location is quite a complex activity which is affected by various changing factors with great uncertainties. Combining with economic geographic models in future research would increase the reliability of prospection on location changes. On the other hand, because of the variations on heat consumption according to detailed production processes in local industries, the model applied in this study could only support a perspective for regional master plan, supplementary survey for tracking the location trend and heat demand at factory level would help in increasing the model's validation. 
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